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Description 



FLUID FLOW CONTROL APPARATUS 

Background of Invention 

[0001] The present disclosure relates generally to a fluid flow 
control apparatus, and particularly to a fluid flow control 
apparatus having redundant fluid flow drivers. 

[0002] Some heat transfer systems may employ forced convec- 
tion heat transfer techniques for removing heat from a 
heat generator, such as a printed circuit board or an elec- 
tronic cabinet for example, where the forced convection is 
achieved by driving a fluid across a heat sink that is in 
thermal contact with the heat generator. In an exemplary 
heat transfer system, air may be the fluid and a fan may 
be the fluid flow driver. In an effort to enhance the relia- 
bility of systems employing heat generators, or where 
maintenance downtime of such systems is of concern, re- 
dundant fans may be employed so that one fan may con- 
tinue to run if another becomes non-operational. How- 
ever, in the event that one of the redundant fans becomes 
non-operational, backwards flow of air through the non- 



operational fan may result, which may reduce the effec- 
tiveness of the heat exchanger, and may produce a re- 
verse rotation of the non-operational fan that a monitor- 
ing system may then falsely indicate as a properly operat- 
ing fan. In an attempt to alleviate such false indications, 
back flow limiting devices have been employed that use a 
set of louvers to block the back flow of air through a non- 
operational fan. However, with such limiting devices there 
may still be present a degree of flow turbulence and back 
pressure that could reduce fluid flow rates and impact the 
heat transfer characteristics of the heat transfer system, 
and such limiting devices may require the use of a large 
fan for operation of the limiting device itself. Accordingly, 
there is a need in the art for a fluid flow control apparatus 
that overcomes these drawbacks. 
Summary of Invention 

[0003] Embodiments disclose herein a device for providing and 
controlling a fluid flow. The device includes at least two 
fluid flow drivers, a plenum, and a baffle. The plenum is 
disposed to receive a fluid flow from the at least two 
drivers, and the baffle is disposed within the plenum. The 
plenum has a first cross-sectional area proximate the at 
least two drivers and a second cross-section area at a dis- 



tance from the at least two drivers, the second cross- 
sectional area being an exit for the fluid flow. The baffle 
has a first edge restrained proximate the first cross- 
sectional area and a second opposing edge freely dis- 
posed proximate the second cross-sectional area. The 
baffle has a surface area responsive to the fluid flow 
within the plenum to reduce a backflow if one of the at 
least two drivers is operational and another is non- 
operational. 

[0004] Additional embodiments disclose herein a device for con- 
trolling an air flow. The device includes two fans disposed 
in a parallel air flow arrangement, a plenum disposed to 
receive an air flow from the two fans, and a baffle dis- 
posed within the plenum. The plenum has a first cross- 
sectional area proximate the two fans and a second cross- 
section area at a distance from the two fans, the second 
cross-sectional area being an exit for the air flow. The 
baffle has a first edge restrained proximate the first 
cross-sectional area and a second opposing edge freely 
disposed proximate the second cross-sectional area. The 
baffle flexes in response to a pressure differential across 
the baffle to reduce a backflow within the plenum if one of 
the two fans is operational and another is non-op- 



erational. 

[0005] Embodiments also disclose a heat transfer apparatus hav- 
ing a heat exchanger and a device for providing a fluid 
flow. The device includes at least two fluid flow drivers, a 
plenum disposed to receive a fluid flow from the at least 
two drivers, and a baffle disposed within the plenum. The 
plenum has a first cross-sectional area proximate the at 
least two drivers and a second cross-section area at a dis- 
tance from the at least two drivers, the second cross- 
sectional area being an exit for the fluid flow. The baffle 
has a first edge restrained proximate the first cross- 
sectional area and a second opposing edge freely dis- 
posed proximate the second cross-sectional area. The 
baffle has a surface area responsive to the fluid flow 
within the plenum to reduce a backflow if one of the at 
least two drivers is operational and another is non- 
operational. The heat exchanger is disposed proximate 
the exit of the device and in fluid communication with the 
fluid flow from the device. 
Brief Description of Drawings 

[0006] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the accompanying Figures: 
[0007] Figure 1 depicts an isometric view of an exemplary heat 



transfer apparatus in accordance with embodiments of tlie 
invention; 

[0008] Figure 2 depicts an isometric view of an exemplary device 

for providing and controlling a fluid flow in accordance 

with embodiments of the invention;; 
[0009] Figures 3-5 depict side views of the device of Figure 2 

with a side wall removed to show internal detail; and 
[0010] Figure 6 depicts a similar view to those of Figures 3-5 but 

with a modification to further exemplify embodiments of 

the invention. 
Detailed Description 

[0011] Embodiments of the invention provide a redundant pair of 
fans for driving air across a heat exchanger via a plenum, 
and a baffle within the plenum for optimizing the plenum 
shape in the event of a non-operational fan. While em- 
bodiments described herein depict a fan as an exemplary 
fluid flow driver with the fluid being air, it will be appreci- 
ated that the disclosed invention is also applicable to 
other fluid flow drivers, such as impellers with the fluid 
being water, for example. Also, while embodiments de- 
scribed herein depict optimized air flow from a redundant 
pair of fans directed toward a heat exchanger, it will be 
appreciated that the disclosed invention is also applicable 



for optimizing air flow, or fluid flow generally, from a re- 
dundant pair of fluid flow drivers toward any defined di- 
rection. 

[0012] Figure 1 is an exemplary embodiment of a heat transfer 
apparatus 100 having a heat exchanger 200, a device 300 
for providing and controlling a fluid flow to heat ex- 
changer 200, and an operational unit 400 responsive to 
the heat transfer characteristics of heat exchanger 200. 

[0013] In an embodiment, heat exchanger 200 includes a base 
202 with fins 204 extending therefrom (depicted in 
speckled shading), and a cover 206, thereby creating 
channels 208 for fluid flow, such as air for example, in the 
direction of arrow 210. While heat exchanger 200 is de- 
picted having triangular-shaped fins 204, it will be appre- 
ciated that fins of any shape may be used in place thereof. 

[0014] In an embodiment, operational unit 400 is in thermal con- 
tact with heat exchanger 200 such that heat generated at 
operational unit 400 is transferred to heat exchanger 200 
and then to the air flow, depicted by arrow 210, within 
channels 208. An exemplary operational unit 400 may in- 
clude power conversion modules, electronic circuit boards 
with microchips, motors, transformers, or any other heat 
generating device that may benefit from use of a heat ex- 



changer. 

[0015] Device 300 includes two fluid flow drivers 302, 304, such 
as fans for example, a housing 306 defining a plenum 
310 therein, and a baffle 320 within plenum 310 defining 
a first plenum 312 and a second plenum 314. Plenum 310 
has a first cross-sectional area 316 disposed proximate 
the two fans 302, 304 for receiving air flow from the two 
fans 302, 304, and a second cross-sectional area 318 at 
an opposite end thereof for providing an exit (also repre- 
sented as numeral 318) for air flow 210 out of plenum 
310 and into heat exchanger 200. In an embodiment, fans 
302, 304 are configured in a parallel fluid flow arrange- 
ment and are disposed on a common plane. 

[0016] While reference is made herein to fans 302, 304 for pro- 
ducing an air flow 210, it will be appreciated that such 
structure and function may be accomplished using any 
type of fluid flow driver for driving any fluid suitable for 
carrying out the teachings of the invention. 

[0017] Baffle 320 has a first edge 322 that is restrained proxi- 
mate fans 302, 304 at first cross-sectional area 316, and 
a second opposing edge 324 that is freely disposed at the 
other end of plenum 310 proximate second cross- 
sectional area 318. First edge 322 may be pivotally or 



fixedly arranged at cross-sectional area 316, may be af- 
fixed proximate the center of first cross-sectional area 
316 where fans 302, 304 are of the same size, or may be 
affixed proximate a line between fans 302, 304 where 
fans 302, 304 are of different sizes. Fans 302, 304 may 
be of the same size for redundancy, or of different sizes 
for employing a primary fan at a nominal flow rate and a 
backup fan at a lower flow rate. Second edge 324 may be 
freely disposed proximate the center of second cross- 
sectional area 318. In an embodiment, baffle 320 includes 
side edges 326, 328 that are also unrestrained. In an ex- 
emplary embodiment, baffle 320 is made of a flexible ma- 
terial, such as Lexan™ having a thickness of 0.030 inches, 
for example. The flexibility of baffle 320 is such that baf- 
fle 320 flexes in response to the pressure differential 
across the upper and lower surfaces of baffle 320, which 
separate first plenum 312 from second plenum 314, 
thereby optimizing the shapes of first and second 
plenums 312, 314, regardless of whether both or only one 
of fans 302, 304 are operational, which will be discussed 
later with reference to Figures 2-6. In an embodiment, 
baffle 320 is mounted in such a way as to divide plenum 
310 roughly in half in response to fans 302, 304 and baf- 



fie 320 being at rest. 

[0018] Figure 2 depicts an isometric view of device 300 sliowing 
a front perspective of fans 302, 304 for driving an air flow 
through plenum 310, seen through a cutaway 308 of 
housing 306, toward heat exchanger 200 via the exit at 
second cross-sectional area 318. 

[0019] Figures 3-6 depict side views of the interior of housing 
306 of device 300 with various airflows through plenum 
310, shown as first plenum 312 and second plenum 314 
separated by baffle 320. In Figures 3-6, a side wall of 
housing 306 has been removed to more clearly show the 
interior thereof. Referring first to Figure 3, which depicts 
both fans 302, 304 being operational, baffle 320 sepa- 
rates a first air flow 330 from a second air flow 340 by 
flexing in accordance with the respective pressures 
caused by air flows 330, 340 on the upper and lower sur- 
faces of baffle 320. Air flows 330, 340 combine at exit 
318 to form air flow 210 directed toward heat exchanger 
200. Arrows 331, 341 denote air flow being driven by op- 
erational fans 302, 304. Figure 3 represents device 300 
having two operational fans 302, 304, which provide for 
redundancy within apparatus 100. 

[0020] Referring now to Figures 4 and 5, device 300 is depicted 



having only one of the two fans 302, 304 being opera- 
tional. In Figure 4, fan 304 is operational, denoted by air 
flow arrows 341 and 340, and in Figure 5, fan 302 is op- 
erational, denoted by air flow arrows 331 and 330. In Fig- 
ures 4 and 5, the non-operational fan may be a fan that 
has been turned off for maintenance, or one that has 
ceased to function for any reason. 
[0021] In Figure 4, the air pressure created by air flow 340 in 
plenum 314 pushes against the lower surface of baffle 
320 to flex baffle 320 upwards until the end of baffle 320 
touches the inner wall of housing 306 at location 350, 
thereby closing off what was previously plenum 312 in 
Figure 3. By closing off plenum 312 in response to fan 
302 being non-operational, the shape of plenum 314 is 
optimized for maximum air flow 210 directed toward heat 
exchanger 200, and any backflow that may have been di- 
rected toward non-operational fan 302 is prevented. In 
the absence of a backflow, non-operational fan 302 re- 
mains at rest, which is sensed by a tachometer 370 that is 
in signal communication with control and maintenance 
equipment (not shown) for appropriate corrective action. 
The air flow exiting device 300 at exit 318 is denoted as 
air flow 210, which is directed toward heat exchanger 



200. Accordingly, device 300 provides an air flow to heat 
exchanger 200 even in the presence of a non-operational 
fan 302. 

[0022] In Figure 5, the air pressure created by air flow 330 in 
plenum 312 pushes against the upper surface of baffle 
320 to flex baffle 320 downwards until the end of baffle 
320 touches the inner wall of housing 306 at location 
360, thereby closing off what was previously plenum 314 
in Figure 3. By closing off plenum 314 in response to fan 
304 being non-operational, the shape of plenum 312 is 
optimized for maximum air flow 210 directed toward heat 
exchanger 200, and any backflow that may have been di- 
rected toward non-operational fan 304 is prevented. In 
the absence of a backflow, non-operational fan 304 re- 
mains at rest, which is sensed by a tachometer 380 that is 
in signal communication with control and maintenance 
equipment (not shown) for appropriate corrective action. 
The air flow exiting device 300 at exit 318 is denoted as 
air flow 210, which is directed toward heat exchanger 
200. Accordingly, device 300 provides an air flow to heat 
exchanger 200 even in the presence of a non-operational 
fan 304. 

[0023] A result of using device 300 with redundant fans 302, 304 



and flexible baffle 320, is the benefit of having an opti- 
mally shaped plenum for air flow to heat exchanger 200 
regardless of whether both or only one fan is operational, 
and the benefit of having substantially reduced backflow 
to a non-operational fan such that tachometers 370, 380 
can properly register the affected fan as being non- 
operational. 

[0024] If baffle 320 was rigidly fixed to housing 306 along all 

edges, and only one fan 302 was operational, as depicted 
in Figure 6 with reference now being made thereto, air 
flow 330 in plenum 312 would result from air flow 331 
being drawn in by fan 302, and a backflow 390 would re- 
sult from the backpressure being developed between the 
plenum opening at second edge 324 of baffle 320 and the 
non-operational fan 304. As a result, expelled air flow 
through non-operational fan 304, depicted by arrow 391, 
would produce a reverse rotation of fan 304. With such a 
reverse rotation, tachometer 380 would incorrectly regis- 
ter a functional fan 304. While not specifically illustrated, 
it will be appreciated that a similar situation to that Just 
described would result if fan 304 was operational, fan 302 
was non-operational, and baffle 320 was rigidly fixed to 
housing 306 along all edges. 



[0025] In an embodiment absent the teachings disclosed herein, 
applicants have observed that a non-functional fan having 
a reverse rotation equal to or greater than about 19 Hertz 
did not drop the tachometer output signal sufficiently to 
register a non-functional fan. Conversely, applicants have 
observed that in an embodiment employing the teachings 
of a flexible baffle 320 disclosed herein, the non- 
functional fan stopped spinning entirely, thereby resulting 
in the tachometer properly registering the non-functional 
fan. 

[0026] In view of the foregoing, some embodiments of the inven- 
tion may include some of the following advantages: 
proper detection of a non-functional fan; proper air flow 
at an exit opening regardless of whether both fans are 
operational or only one fan; substantially reduced or 
negated backflow through a non-functional fan thereby 
reducing impediment to the air flow entering the func- 
tional fan; and, reduced fan size by using passive air flow 
control absent louvers that only open under the pressure 
of a working fan. 

[0027] While the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 



equivalents may be substituted for elements thereof with- 
out departing from the scope of the invention. In addition, 
many modifications may be made to adapt a particular 
situation or material to the teachings of the invention 
without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited 
to the particular embodiment disclosed as the best or only 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. Moreover, the 
use of the terms first, second, etc. do not denote any or- 
der or importance, but rather the terms first, second, etc. 
are used to distinguish one element from another. Fur- 
thermore, the use of the terms a, an, etc. do not denote a 
limitation of quantity, but rather denote the presence of at 
least one of the referenced item. 



